Abstract In this study, we compare the craniofacial morphology of four Sumidouro skulls and one Lund skull of paleo South Americans from Lagoa Santa, Brazil, with worldwide prehistoric and recent human craniofacial metric data, and suggest an alternative view of the migration history of early South America. Affiliations of samples and individuals were examined by the principal coordinate plot generated by Relethford and Blangero's R-matrix method, the neighbor-joining method based on genetic distance generated from the same R-matrix, and Mahalanobis distances and typicality probabilities. For these analyses, we examined certain variables claimed to have been influenced by the environment, such as maximum cranial length and maximum cranial breadth. Although the number of craniometric variables seems to influence the results of the analysis, it appeared to not obscure the ancestral and descendant relationships and regional kin relationships greatly in the instance of this study. Using Howells' worldwide comparative dataset but without the Jomon sample, previous research had suggested that Brazilian Paleoamericans, the Lagoa Santa, were probably closely related to Australian Aborigines and Africans as opposed to Native Americans and Northeast Asians. On the other hand, using multivariate statistics, our results show that Lagoa Santa individuals exhibit stronger morphological affinities with the prehistoric Jomon of Japan, archaic Americans of Indian Knoll Kentucky, Windover Florida, and Tennessee, and recent Tierra del Fuegans of South America, than with the Melanesians and Australians. Moreover, Jomon, Lagoa Santa, and archaic North Americans all display close relationships and ties to each other. This suggests that the early inhabitants of South America were probably not related to Australo-Melanesians, but rather to the Late Pleistocene descendants of Northeast Asians such as the Jomon. Also, they are related to the archaic North American populations and recent Central and South Americans.
Introduction
Archaeological evidence suggests that human populations began to move into the New World from across Beringia beginning some time after 17000 years ago (Goebel, 1999) . Those people were descendants of samples that had probably been in place for a long period of time prior to their move into the New World. Recently, biological anthropologists have turned their attention toward an assessment of the affinities of some of the older New World skeletal material in an effort to find out who these first intercontinental migrants may have been. The results of these studies are intriguing. The early inhabitants in the Americas have been suggested as resembling population samples ranging from Melanesia and Australia (with a South Asian connection), to Africa and Norway (Verneau, 1903 (Verneau, , 1924 Rivet, 1908 Rivet, , 1957 Neves and Pucciarelli, 1991; Lahr, 1995; Neves et al., , 2003 Powell and Neves, 1999; Brace et al., 2001 Brace et al., , 2008 Jantz and Owsley, 2001; González-José et al., 2005; .
In particular, Neves et al. ( , 1999 have claimed that Paleoamericans of South America, with 'Luzia' as an example, represent a cranial morphology similar to that of Australian Aborigines and Sub-Saharan Africans. Neves and his colleagues (Neves et al., , 2003 emphasize the traits that the earliest South Americans exhibit: narrow and long neurocrania; prognathic, low faces; and relatively low and broad orbits and nose. According to Neves and his colleagues, these traits tend to be more similar to present Australians, Melanesians, and Sub-Saharan Africans, while the recent Native Americans tend to exhibit a cranial morphology of short and wide neurocrania; high, orthognathic and broad faces; and relatively high and narrow orbits and noses similar to late and modern Northern Asians. Although researchers agree with the view that the immediate pre-Columbian residents and recent Native Americans are different from the Paleoamericans, all of them do not agree with the claim (Verneau, 1903; Rivet, 1908 Rivet, , 1957 Neves and Pucciarelli, 1991; Neves et al., 2003; ) that Africans and Australians played an important role in acting as a source for the Paleoamericans. Apparently the craniofacial attributes of Old World and New World populations show some similarities; however, the early populations and some indigenous populations in Americas also fail to show close similarity to modern core Asian samples, such as Chinese.
The term 'Paleoindian' is used by many authors to refer to populations of the late Pleistocene and early Holocene (12000-8500 years BP) in the Americas thought to be associated with the Clovis, Folsom, and Cody archaeological complexes . Nearly all are contemporary with terminal Paleoindian and early archaic archaeological assemblages (Steele and Powell, 1992; Powell and Neves, 1999) . Other researchers referring to the late Pleistocene and early Holocene populations in the New World use terms such as 'First Americans' or 'Paleoamericans' (Steele and Powell, 1999) to avoid implying that these early populations were ancestral to modern Native American populations. We follow these authors and refer to the Brazilian sample and other early populations in Americas as 'Paleoamerican' to avoid confusion. The term 'archaic' is used here to refer to populations of the middle and late Holocene (8500-3000 years BP). We use the term 'Native Americans' here to denote all indigenous peoples of the Americas.
Discussing the ancestral stock of the early entrants to the New World and the related issue of the origins of East Asians, some have argued that the morphological discontinuity between Upper Cave 101, Liujiang, Minatogawa, and Asians dating back to before the Neolithic period in China represent serious problems in proving continuity in the region (Kamminga and Wright, 1988; Wolpoff, 1994 Wolpoff, , 1995 Wright, 1995; Brown, 1999; Neves et al., 2003) . Consequently, various studies suggest that the 29000-year-old Zhoukoudian Upper Cave 101 specimen is unlikely to be an ancestor of recent East Asians and suggest that Neolithic expansion in Asia replaced the Upper Cave 101 skull form with that of the recent Chinese form (Kamminga and Wright, 1988; Van Vark and Dijikema, 1988) .
Again, some researchers have suggested the Upper Cave individuals in China are similar to Australians (Kamminga and Wright, 1988) . Others argue that the Upper Cave 101 and Liujiang resemble the prehistoric Jomon of Japan and their descendant Ainu and Paleoamericans (Brace et al., 2001; Jantz and Owsley, 2001) . Brace et al. (2001) demonstrated that these samples show craniometric similarity with the prehisotric Jomon of Japan, the Ainu, and New World populations of modern Native Americans who inhabited the US-Canada border, including the Great Lakes region. This fact may be an indication that the origin of those Native American samples can be traced back to an extended Late Pleistocene stock inhabiting the northern part of the Old World, whose craniofacial morphology differs from that of modern East Asians, but who are descendants of samples related to the prehistoric Jomon of Japan. Recently, Brace et al. (2008) have suggested that the 9300-year-old Kennewick individual of North America is more closely tied to the recent Ainu of Japan and coastal northeast Asia and their evident ancestors, the prehistoric Jomon, than to any other population, based on ancient and recent human craniofacial samples from both sides of the Pacific Ocean. Brace et al. (2001 Brace et al. ( , 2008 suggest that the Jomon, who might be the direct descendants of the Paleolithic inhabitants of northeast Asia, have an antiquity greater than that of the first inhabitants of the New World. Jantz and Owsley (2001 also state that Paleoamericans resemble recent circum-Pacific populations like the Ainu and Polynesians. Contra to Brace et al. (2001) , Jantz and Owsley explain this phenomenon a different way. They explain that Paleoamericans show resemblance to recent circum-Pacific populations including the Ainu and Polynesians because they have retained Late Upper Paleolithic cranial features to a greater degree than other populations. Moreover, Van Vark et al. (2003) mentioned that there was a relatively strong retention of plesiomorphic characters in peripheral populations between the Late Pleistocene and the present. However, Van Vark et al. suggest that the relatively close morphological affinity of the Late Pleistocene and Early Holocene skulls with those of these recent populations does not necessarily indicate a genetic relationship, hence this may be a poor indicator of the determination of ancestral-descendant relationships between Late Pleistocene and Early Holocene populations. Yet no one can deny the possible genetic relatedness between the Jomon, the Ainu, the Polynesians and the Paleoamericans.
All of the above scenarios note that America was initially colonized by populations that were different from the ancestors of modern Native Americans (Lahr, 1995; Neves et al., 1999; Powell, 1999, 2002; Brace et al., 2001; Jantz and Owsley, 2001, 2003; Seguchi et al., 2005 Seguchi et al., , 2006 Nelson et al., 2007) . Many suggest that the pattern of cranial variation in America over the past 10000 years is more easily explained with reference to two or more colonization events. This hypothesis receives support from genetic data (Schurr et al., 1990; Karafet et al., 1999; Schurr, 2004 Schurr, , 2006 . In addition to the above arguments, several anthropologists have suggested that present-day worldwide cranial variation may not have existed at the end of the last glacial period (Lahr, 1992; Powell and Rose, 1999; Powell and Neves, 1999; Neves et al., 1999 Neves et al., , 2003 . However, this has never been documented. Neves et al. (2003 Neves et al. ( , 2007 , , and González-José et al. (2005) have been testing their hypothesis that the origins of Paleoamericans can be traced back to a common ancestor they shared with Australians, although the authors do not include the Jomon in this analysis. They hypothesize that the ancestor of Paleoamericans departed from somewhere in Southern Asia and arrived on the Australian continent and the Americas around 50000 and 14000 years before present, respectively (Neves et al., 2003) . This view also reflects Kamminga and Wright's view (1988) on the Upper Cave 101.
We are aware of the difficulties of the determination of ancestral-descendant relationships between pre-Holocene and recent populations. However, the Paleoamerican remains are necessary for interpreting early New World diversity with the relevant samples and to provide a comparative basis for the morphologies of later populations. The purpose of the present study is to evaluate the affinities of the Lagoa Vol. 119, 2011 Santa with Archaic North American populations and their possible ancestral stock in Northeast Asian region rather than with recent Australian, Melanesian, and African samples.
It has already been shown that the quantitative treatment of craniofacial form can effectively produce a picture of the movement of human populations from Asia into the New World. Moreover, that picture is largely compatible with the picture produced by the molecular genetic comparison of nucleotide haplotypes (Brace et al., 2001) . The underlying reason why such different approaches yield comparable results is because neither the nucleic acid components identified nor the particular craniofacial dimensions used have any obvious adaptive value. Both evidently behave in a manner compatible with what has been called the 'neutral theory,' where the traits assessed are under genetic control and the differences between samples are principally the result of genetic drift (Kimura, 1968; Ohta and Kimura, 1971; Brace, 2005; Brace et al., 2006) . Craniofacial metric traits that anthropologists choose have no adaptive significance and they provide phylogenies. These traits are both relatively stable over time and highly geographically patterned, suggesting marked regional continuity in time or space (Brace, 2005) . For instance, craniofacial configurations show essential continuity in Western Europe and at the eastern edge of Asia of at least 30000 years' duration (Brace and Tracer, 1992 ). What they show, then, is the extent of genetically shared relationships between adjacent populations. Thus, comparisons between prehistoric skeletal remains from different geographic regions and even different time periods are useful and these comparisons can provide valid clues about the peopling and settlement of the New World (Smith et al., 2006) . This study is aimed at exploring which samples these were, and what their relationships were with other Old World samples and other New World samples. Therefore, we are investigating the morphological affinities of Lagoa Santa with present-day Australians, Melanesians and Africans, prehistoric and modern samples from East and Northeast Asians including the Jomon, and prehistoric and modern New World samples. This study attempts to understand the diverse history and biological variation in South and North America and connect examinations of the migration between Asia and the North and South American continents by examining craniofacial diversity in multiple time periods. Furthermore, we present an alternative view of the peopling of South and North America.
Materials and Methods

Materials
Many have assumed that since Paleoamericans migrated from East Asia across Beringia to America before the end of the Pleistocene, the Paleoamericans would be more closely related to recent Native Americans and East Asians than to any other population (see Van Vark et al., 2003) . However, there is limited skeletal evidence in Asia that corresponds to Paleoamericans dated around c. 12000-8500 years in the New World. In East Asia, the only culture that is older, and contemporary to the Paleoamericans in the New World, is the Prehistoric Jomon of Japan. The Jomon dates from 13000 to 2300 BP (uncalibrated radiocarbon dates), although our Jomon sample runs from c. 6000 to 2300 years ago. The Neolithic Chinese dated around 7000-5000 BP is another sample contemporary with archaic Americans of the New World. Our archaic populations of the New World are represented by the Indian Knoll, the Windover, the Port au Choix, and the Tennessee archaic samples. The Indian Knoll population represents the archaic period of the Eastern United States (5000-4000 BP), characterized as pre-pottery, pre-agriculture, and hunter-gatherers, and is located near the Green River in Ohio County, Kentucky (Perzigian, 1976; Nelson, 2006) . The Windover represents the early middle archaic period of Florida (8000 BP) in the United States, and is characterized as hunter-gatherers (Doran, 2002; Nelson, 2006) . The Port au Choix on the west side of Newfoundland's Great Northern Peninsula of North America is a maritime archiac population from c. 4400-3300 BP (Anderson, 1976; Nelson, 2006) . The Tennessee archaic discussed here represents the middle archaic period, c. 6000 BC-3000 BC (Nelson, 2006) . The Mongol Bronze Age Chandman specimen from Western Mongolia, dated around 2600-2300 BP, is also included (Brace et al., 2001; Allard and Erdenebaatar, 2005; Nelson et al., 2007) .
Although Neves and his colleagues (Neves et al., 2003 have claimed that early South Americans resemble Australo-Melanesians and Africans, they do not include any Australian specimens from the Late Pleistocene among the reference samples. Unfortunately, we also do not have Australian specimens from the Late Pleistocene. Only modern Australian specimens are used for this analysis.
We compare the craniofacial morphology of four Sumidouro skulls and one Lund skull, representing South American Paleoamericans from Lagoa Santa, Brazil, dated at 9000 BP, and housed in the Institute of Zoology in Copenhagen, Denmark, with worldwide prehistoric and recent human craniofacial metric data. We use the UMMA (University of Michigan Museum of Anthropology) worldwide craniofacial metric database for the comparative samples in this study (Table 1) .
Only the 31 best preserved skulls from the Jomon were used in this analysis, in order to minimize the replacement of missing values. Missing values of the Jomon sample were replaced by a multivariate sequential regression for imputation (Raghunathan et al., 2004) .
The use of craniometrics as quantitative genetic data and problems of craniometric variables
Morphological detail is quantified through the statistical analysis of craniofacial metric variables. Metric dimensions depict variations in cranial bone size and shape; in essence, this refers to the details in the construction of the cranial vault and face. These craniofacial metric traits are complex traits and quantitative genetic traits, and quantitative genetic data must reflect the underlying complex genetic information (Nelson, 2006; Nelson et al., 2007) . However, variation for quantitative traits can be influenced not only by many Mendelian loci, but also environmental effects. Because the degrees of 'environmental influence' are unknown, there are still arguments and questions about the use of craniofacial morphology as a legitimate tool to recover recent human evolutionary and population history (Relethford, 2004) .
For instance, some of the cranial features that Neves et al. (2003 Neves et al. ( , 2007 and use to characterize the Early Brazilian Paleoamericans are maximum cranial length, maximum cranial breadth, and alveolar prognathism. These variables in particular have been criticized with allegations that cranial morphology, such as dolichocephaly, brachycephaly, and alveolar prognathism, is supposedly very plastic in nature and responds rapidly to local prevailing environmental conditions (see Boas, 1912 for the origin of this idea; Suzuki, 1963 Suzuki, , 1969 Necrasov, 1974; Jantz, 2000; Jantz and Meadows, 2000; Kouchi, 2000; Mizoguchi, 2000; Seguchi, 2000; Okazaki, 2004; Roseman, 2004; Harvati and Weaver, 2006; Hubbe et al., 2009 ). As such, some argue that cranial morphology would not be a reliable marker to trace ancestral-descendant relationships (Carlson and Van Gerven, 1977; Van Vark et al., 2003) . Furthermore, long cranial length can be simply an ancient trait because there might be selection for robustness. Relethford (2004) claims that the change caused by possible environmental influences on cranial length and cranial breadth do not necessarily obscure ancestor-descendant relationships. Several researchers also note that the potential environmental influences acting upon the development of craniofacial form are insufficient; therefore these influences do not play a major role in changes of overall morphological differences (Lahr and Wright, 1996; Relethford, 2002; Sparks and Jantz, 2002; González-José et al., 2004 Betti et al., 2010) .
It is true that both the maximum cranial length and breadth contain ancestral information. However it appears that people's movements in Asia are not simple. There are no definite routes of the ancient expansion of Asian populations. These routes could be from the south (from Africa, South Asia, Australia, and Southeast Asia) to the north (East Asia and Northeast Asia); or the routes could be from the north (from Europe via Siberia) to the east (to Northeast Asia and East Asia). Because of possible complex migration routes, ancestral information that is expressed in cranial length and breadth might have shown rapid secular change, so using these variables may not be the best idea. Therefore, we tested both inclusion (21 variables) and exclusion (19 variables) of maximum cranial length and maximum cranial breadth. These results will be shown in this study for comparative purposes (definition in Table 2 ).
Statistical procedures
We employed the R-matrix method on the craniometric data in this study. The R-matrix method was originally proposed by Harpending and Jenkins (1973) for allele/ haplotype frequency data, and was further expanded to quantitative traits by Williams-Blangero and Blangero (1989) and Relethford and Blangero (1990) . Given data on means and an estimate of average heritability, an R-matrix can be estimated from quantitative traits, such as craniometric or odontmetric traits (Relethford, 2007 ). An R-matrix provides estimates of genetic similarities and distances within and among populations relative to the contemporary means of allele frequencies in a region (Relethford, 1991; Relethford and Harpending, 1994) . R-matrix analyses make clear-cut assumptions regarding the mode of transmission of the underlying genotypic variation expressed in the phenotype, and in evolutionary and demographic parameters affecting population structure (Williams-Blangero and Blangero, 1989; González-José et al., 2005) . Recently, the R-matrix/Relthford-Blangero method has been applied by many researchers to quantitative morphological traits to search population relationships and/or population structure (Relethford, 1991 (Relethford, , 1994 Relethford and Harpending, 1994; Powell and Neves, 1999; Steadman, 2001; González et al., 2003; González-José et al., 2004 Roseman and Weaver, 2004; Stojanowski, 2004 Stojanowski, , 2005 Hanihara and Ishida, 2005, 2009; Hanihara et al., 2008) .
Because phenotypic traits are not completely under genetic control, the R-matrix method assesses using estimates of the average heritability of phenotypic traits. Various studies have published the heritability estimates of craniometric traits (Sjøvold, 1984; Devor, 1987; Sparks and Jantz, 2002) . According to Relethford and Harpending (1994) , heritabilities for craniometric traits are fairly stable across populations, and an average estimation of h 2 = 0.55 that is based on Devor's study (1987) can be used. Most recently, Carson (2006) published narrow-sense heritability estimates for 33 craniometric dimensions using the maximum likelihood variance components method on a skeletal sample of pedigreed individuals from Hallastatt, Austria. In her study, she found low heritability estimates of most bilateral breadth measurements, while cranial length and height dimensions have heritability values ranging between 0.102 and 0.729 (Carson, 2006) . The common practice of many researchers using the R-matrix method for human craniometric data is to average the reported narrow-sense heritabilities (h 2 = 0.55), which is a measure of the proportion of the total phenotypic variance that is due to additive genetic variance, or to assume that the phenotypic correlation is equivalent to the genotypic correlation (h 2 ≈ 1.0) (Carson, 2006) . Assuming heritabilities equal to 1, the distance matrix obtained represents a matrix containing the minimum genetic/biological distances derived from phenotypic variation (Williams-Blangero and Blangero, 1989; Relethford and Blangero, 1990) . Relethford and Blangero (1990) concluded that as long as the narrow-sense heritability for a trait was greater than 0.2, the relative pattern of genetic/biological distances between populations did not change significantly, although the absolute genetic/biological distances do change, given different heritabilities. Using the R-matrix method, overall environmental effects are removed by using an estimate of the overall average of heritability of all variables (Relethford, 2007) . In this study, we follow Relethford's overall average heritabilities, and take h 2 = 0.55. Despite the fact that sample sizes are low, the use of averages and multivariate centroids of such samples must be of interest in the perception of general tendencies by means of classical statistics. Therefore, a principal coordinate plot based on an R-matrix can still be a useful tool to test population relationships. As a first step, all data were standardized to z-scores within each sex to remove sex-related size variation (Williams-Blangero and Blangero, 1989). Since we have noticeably small sample-size samples, we computed biological distances after adjusting for small sample size bias following Relethford et al. (1997) . The biological distances were obtained after an R-matrix analysis (Relethford, 1991; Relethford et al., 1997) . The biological distances between samples generated by R-matrix analysis are roughly proportional to Mahalanobis distances (Relethford, 1991) . The neighbor-joining method was applied based on biological distances generated by R matrices (Saitou and Nei, 1987) . The web-like trees (SpritsTree 4.6: Huson and Bryant, 2006) were generated by the neighbor-joining method from biological distances by the R-matrix analysis and generated from batteries of 19 measurements and 21 measurements on samples of each of the population samples named, in order to examine for affinities between samples. The R-matrix and the Relethford-Blangero methods were programmed by one of the present authors (H.U.).
Dealing with small sample size or the case of isolated individuals, it is possible that these specimens can be far from the group centroid; therefore they could be outliers of the population. When studying single specimens, we must be cautious because the central tendency of the population from which the specimen was extracted is unknown . These five samples may not be representative of Lagoa Santa. Therefore, we considered another approach. Recent advances in multivariate analyses enable assessment of craniometric affinities of a single specimen to reference samples of other modern and historical populations (Albrecht, 1992; Van Vark and Schaafsma, 1992; Brace et al., 2006) . We test for the presence of Paleoamerican morphology in South America and North America by analyzing the affinities between five early skulls from Lagoa Santa and worldwide prehistoric and modern reference samples. Individuals of Brazilian Paleoamericans were examined by typicality probabilities and Mahalanobis distances (Albrecht, 1992) .
First, Mahalanobis distances were computed between the five early Brazilian skulls individually and a set of reference samples, including Jomon, Ainu, Taiwan Atayal, Japan, North China, South China, China, Neolithic China, China Bronze Age, Heilongjiang, Mongol, Mongol Bronze Age (Chandman), Buriat, Thai, Burma, Borneo, Java, Polynesia, West Europe, West Africa, Sudan, Bushman/Hottentot, Australia, South Asia, Sepik River Papua New Guinea, Tierra del Fuego, Peru, Mexico, Patagonia, Blackfoot, Great Lakes, Mississippian (Dickson Mound, Illinois; Moundville, Alabama), Windover (Florida archaic), Port au Choix (Newfoundland archaic), Tennessee archaic, Indian Knoll (Kentucky archaic), Snake River sample of Washington State, Chumash sample of California, Athabascan, Eskimo, and Aleut. Then, to make more meaningful statements about the affinities of the individuals for the reference samples, we computed typicality probabilities using F-distribution from the Mahalanobis distances .
The Relethford and Blangero (1990) analysis detects deviations from an equilibrium between gene flow and genetic drift derived from observed and expected values of withingroup phenotypic variance. Under the Relethford-Blangero model, positive residuals for a particular population may reflect: (a) higher levels of long-range gene flow from an 'outside' source (Relethford and Blangero, 1990) , resulting in greater heterozygosity; (b) a higher mutation rate than other samples considered; (c) a larger effective population size or different timing of population growth than other populations (Relethford and Harpending, 1995) ; or (d) non-random sampling effects or population pooling that artificially inflate within-group variance. Unfortunately, it is inappropriate to assess variation among only five Lagoa Santa specimens; however, we performed the Relethford-Blangero analysis among the early and late Holocene New World populations and the temporal ancient East Asian populations. We calculated R-matrix under the assumption of equal effective population size, then we calculated using an estimated census population size for Lagoa Santa.
Results and Discussion
Both principal coordinate plots of Lagoa Santa and the Old World samples using 19 variables (Figure 1 ) and 21 variables (Figure 2 ) separate the group of Africa, South Asia, Australia, and Melanesia from the samples of East Asia, Northeast Asia, Southeast Asia, Polynesia, and Europe. In the first and second eigenvector plots of 19 variables, Lagoa Santa clusters with West Europe, Jomon and Mongol Bronze Age (Figure 1a) . But the first and second coordinate (eigenvector) plot of 21 variables (Figure 2a) places Lagoa Santa between Jomon/Ainu and South Asia, Sudan, and Australia. The second and third coordinate (eigenvector) plot of 19 variables (Figure 1b) indicates that Lagoa Santa is located closer to the Jomon, Ainu, and Polynesian than to the Australian, Melanesian, and African samples. The second and third eigenvector plot of 21 variables (Figure 2b ) also shows a similar picture to the plot of 19 variables, placing even Heilongjiang and Chukchi closer to Lagoa Santa. When the Jomon is removed from these samples, the first and second coordinate (eigenvector) plot of 21 variables (Figure 3a) suggests that Lagoa Santa is placed a little closer to South Asia and Australia and Sudan than Ainu, but the second and third coordinate (eigenvector) plot (Figure 3b) shows that Lagoa Santa is closer to Ainu, Heilongjiang, and Chukchi than Australia. Neves et al. (2003 Neves et al. ( , 2007 and might have seen this picture (especially the first and second eigenvector plot) in their analysis, which excludes the Jomon and Northeast Asians (also see the NJ tree of Figure 4 ). Excluding the Jomon from the samples, we also see a similar picture: Lagoa Santa ties to South Asia, which also shares a node with West Europe (Figure 4) . The Ainu ties to Polynesia.
In the neighbor-joining trees which were generated by the same R-matrix using 19 variables that include the Jomon, East and Southeast Asian samples, Africa, Pacific, Europe, and South Asia without the New World samples (Figure 5 ), Lagoa Santa ties to the Jomon, Ainu, South Asia, and Europe. Even when 21 variables are used (Figure 6 ), these pictures are very similar to those that use 19 variables. The numbers of variables has little influence on the results of biological distances in these cases. In fact, Lagoa Santa, the Jomon, and Ainu show craniometric similarity to the European Upper Paleolithic specimens (varying from 30000 to 15000 years old, such as Cro-Magnon 1, Predmost 3, Le Placard, Abri Pataud, Ronde du Barry, Saint Germain, and Obercassel 1). Hence Lagoa Santa ties to West Europe (not shown). If the Late Pleistocene populations in Northwest Europe and Northeast Asia suggest that there may have been actual genetic ties at one time because of their morphological similarities (Brace et al., 2001) , it is no surprise to see the similarities between Lagoa Santa and West Europe since morphological similarities can still be shown between Europe and the descendants of the aboriginal population of the Japanese archipelago, i.e. Jomon and Ainu. Figure 7 and Figure 8 illustrate the results of trees of previous samples, adding the New World samples, including archaic American samples, and historic and modern native samples of North America, Central America and South America. It is no surprise to discover that samples of the New World tie together, except for Aleut, Eskimo, and Athabascan samples. The Athabascans, Aleut, and Eskimo tie more closely to the Chinese core samples. In the tree using 19 variables, Lagoa Santa closely ties to the archaic Indian Knoll, and is located at the next branch with the cluster of the Jomon and Ainu (Figure 7) . These samples make a cluster of the historical Central and South American samples and the California coastal group, the Chumash. Other archaic samples such as Windover, Tennessee archaic, and Port au Choix, and Mississippians, the historic Great Lakes and Blackfoot, and the Mongol Bronze Age make a sub-cluster. Australian, Melanesian, and African samples form one cluster. In the tree using 21 variables (Figure 8 ), Lagoa Santa ties to Windover, and Indian Knoll, Tennessee archaic, and Mississippians, in addition to the Great Lakes, Port au Choix, Mongol Bronze Age Chandman, and Blackfoot. Even including maximum cranial length and cranial breadth, Lagoa Santa closely located to archaic Americans and Jomon and Ainu samples. Our analyses do not support Neves's claims for a probable Melanesian or Australian source for the Lagoa Santa.
As Lahr (1995 Lahr ( , 1996 concluded, Fuegians and Patagonians fail to cluster into the 'typical' Northeast Asian descent morphological pattern. In our analysis, Tierra del Fuego and Patagonians are tied to geographically close samples, such as Mexico, Peru, even Lagoa Santa, and the Jomon and Ainu rather than the Chinese core samples. Additionally, the Jomon and Ainu are more closely tied to the New World samples than to the Chinese core samples. Table 3 shows the biological distances generated by Rmatrix using 19 variables between the reference samples and Lagoa Santa, Jomon, Australia, Melanesia, Indian Knoll, and Tennessee archaic. Figure 7 and Figure 8 together with the biological distances given in Table 3 again support the view that Australia, Melanesia, and African samples are not closely tied to Lagoa Santa.
The intention of typicality probabilities (tp) is to determine the probabilities of a skull falling within the multivariate normal distribution of one of the reference samples. The low typicality probabilities across the reference samples indicate that the individual falls outside the range of the reference group (Albrecht, 1992) . Among researchers, the computation of typicality probabilities has been a controversial issue. There is a lack of consensus about using the method, and it seems that the different numbers of variables may affect the results (Jantz and Owsley, 2003; Van Vark et al., 2003; González-José et al., 2005) . However, showing Mahalanobis distances and typicality probabilities gives us more numerical sense than canonical variate plots and trees (Table 4 ). The pattern of distances to reference samples from the five individuals is somewhat constant. The Early Brazilian skulls show clear resemblance to archaic North American samples: Indian Knoll, Tennessee archaic, Windover, Port au Choix; the Jomon of Japan; historical South Americans (Tierra del Fuego, Peru, and Mexico); and historical North Americans (Chumash and Blackfoot). As Neves and collaborators (Neves et al., 2003 claim that their larger sample size of Lagoa Santa shows more similarity to Melanesians, Australians, and Africans than Asians, our Sumidouro 9 displays the nearest Mahalanobis distances to the Atayal and Melanesians, before the Jomon and Burma. However, the typicality probability of Jomon is still large (tp = 0.567). All Mahalanobis distances and typicality probabilities for the Lagoa Santa specimens are shown in Table 4 . Now we compare these results to Neves's results (Neves et al., 2007) . In their computation, the closest reference of Sumidouro 3 is Teita; Sumidouro 4 is Guam; Sumidouro 9 is Atayal; and Sumidouro 16 is Atayal. Our computation results of Mahalanobis distances and typicality probabilities of Sumidouro 3 and 4 are different from those of Neves et al. (2007) because they did not include the Jomon, the Archaic Americans in North America, and the historic South American samples, and we obtained the closest reference series of our results of Sumidouro 3 and 4 from the reference samples that Neves et al. (2007) did not include. However, the belongingness of the closest reference samples of Sumidouro 9 and 16 in our analysis do not contradict Neves' results (Table 4) , although their typicality probabilities have a less than 5% chance of belonging to their closest reference sample (Neves et al., 2007) . Furthermore, the Mahalanobis distances between Sumidouro 9 and 16, and the Jomon of Japan, are small, and typicality probabilities are high in our analysis.
To summarize, analyses of individual skulls against reference samples suggest that the Early Brazilian Lagoa Santa individuals exhibit stronger morphological affinities with the archaic of Indian Knoll, Tennessee and the Windover of North America and the prehistoric Jomon of Japan than with our Melanesian and Australian samples. Moreover, Lagoa Santa shows partial similarity with East Asian such as Atayal.
Although the number of craniometric variables (inclusion and exclusion of maximum cranial length and maximum cranial breadth) seems to minimally influence the results of the analysis, it appeared not to obscure the ancestral and descendant relationships, and displays clear regional kin relationships in the case of this study. This may suggest that selective forces on skulls can be considered as neutral on average (Brace et al., 2001 Relethford, 2004; Betti et al., 2010) , and multivariate statistical methods must reflect somewhat genetic differences between samples . At the very least, this study supports continuity between Early Brazilian Lagoa Santa and archaic samples of North America and with Central and South American samples. Furthermore, used modern samples of the Old World, including Australian Aborigines, Ainu, Basques, and Portuguese; modern North and South Americans samples and Paleoamericans, excluding Lagoa Santa and Sumidouro, ranging from 10000 to 8000 years old; and the Liujiang and Upper Cave Zhoukoudian 101 from China. The results of canonical analysis using the previous samples indicate that the sample from Australia appears to be an outlier (see Figure 4) . In this result, they considered only the first root of principal component analysis and concluded that the Australian presents values within the dispersions of the Paleoamericans. repeatedly emphasize that Sumidouro specimens have similarities with other early specimens from Lagoa Santa; their morphological characteristics are long and narrow neurocrania, low and wide orbits, and low and wide noses. Neves et al. claim moreover that those characteristics are only found among Africans and Australo-Melanesians, although Jantz and Owsley (2003, 2006) documented that the Paleoamercans' crania are not even uniformly long-headed, and some Paleoamericans exhibited mesocrania and short and wide crania. Our analysis, both including and excluding maximum cranial length and maximum cranial breadth, do not support the AustraloMelanesians origins of Lagoa Santa in the case of this study. In addition, when the Upper Cave Zhoukoudian 101 was tested with Australians, East Asians including Mongolian Bronze Age, and Archaic North Americans, we found that the allocation of the Upper Cave Zhoukoudian 101 was closest to Mongolian Bronze Age, closer than Australians or Neolithic Chinese (Seguchi, 2004) . The Mongolian Bronze Age sample is unrelated to modern Mongols and has more in common with prehistoric Europeans and the Native Americans of the US-Canada border (Brace et al., 2001 . These results suggest that the Upper Cave 101 might share a genetic stock with the Paleoamericans. Our analyses support that the Paleoamericans in South America and the early North Americans' cranial patterns are different from today's Northeastern Asians Brace et al., 2001; Jantz and Owsley, 2001; Neves et al., , 2007 Nelson, 2006; Nelson et al., 2007) . However, our results do not support the detection of an 'Australo-Melanesian' pattern of cranial morphology in South and North America (Neves et al., , 2003 Neves and Pucciarelli, 1998; Powell and Neves, 1999; González et al., 2003; González-José et al., 2005; Seguchi et al., 2005 Seguchi et al., , 2006 . Now, how can we interpret the morphological divergence of Paleoamericans and Archaic Americans, and Early Holocene populations of East Asia? Table 5 and Table 6 present the results of a Relethford-Blangero analysis on archaic Americans and ancient East Asians, with Lagoa Santa added. Because computation of the R-matrix method requires census population sizes of samples, it should adopt relative population weight (Hanihara et al., 2008) . We computed relative weights of the effective population size of 1.0 for all archaic samples, Neolithic Chinese, Bronze Age Chinese and the Jomon, then we repeated computation using an Ne of 0.30 for Lagoa Santa. We followed this estimate of relative size used in the study by Powell and Neves (1999) , which was derived using the upper end of the early Holocene census population size of Paleoamericans of North America from Steele and Powell (1998) relative to estimates of late Holocene census size in North America (Ubelaker, 1992) . Unfortunately we violate the synchronic nature of the Rmatrix by including samples from a greater time depth, such as over 4000 years, due to the lack of samples (Hanihara, 2010) . The ancient East Asian samples exhibit positive residual value deviations except the Bronze Age Chinese, while the New World samples show negative residual values when 21 variables are used (not shown). When 19 variables are used, only the Windover sample displays positive residual values, but they are very small (0.0005); however, the P-value is not significant (Table 5) . When we apply an Ne of 0.30 for Paleoamericans, the Windover sample shows negative residual values, and all the New World samples, including Lagoa Santa, show negative residual values as well. The Jomon and Lagoa Santa were plotted nearby in the principal coordinate plots when we weighted 0.30 for Lagoa Santa (see Figure 9 , Figure 10 ). These results indicate that the ancient East Asians have more than expected craniofacial variations (also see Ishida et al., 2009 ), but the New World populations show less than expected craniofacial variations (Table 5, Table 6 ). It appears that New World samples are more newly derived populations than are ancient East Asian populations.
2007) and
Conclusions
Our results show that Lagoa Santa individuals exhibit stronger morphological affinities with the Indian Knoll, Tennessee, and Windover archaic of North America and the prehistoric Jomon of Japan, than with our Melanesian and Australian samples. The relationships shared with Lagoa Santa and Melanesians are exhibited in Sumidoro 9. However, this skull displays similarity with the Atayal of Taiwan, and the probabilities and Mahalanobis distances between Melanesians and Sumidoro 9, and between the Jomon and Sumidoro 9, are very close to each other. This can be explained by all populations having individuals that overlap the distributions of virtually any other population, but it does not necessarily signify a genetic relationship. R-matrix analysis indicates that Lagoa Santa exhibits more similarity to Jomon than Australia. All these suggest that the early inhabitants of South America were probably not directly related to Australo-Melanesians, but rather to the Late Pleistocene inhabitants of Northeast Asia, such as an ancestor of the Jomon. Also, they are related to the Archaic North American populations and recent Central and South Americans.
From our analysis, by using a battery of craniofacial measurements, we can see linkages running all the way from northern Europe, both prehistoric and modern, across via Mongolia to coastal Northeast Asia, and southeastwards out into the Pacific, and over into the representatives of at least one of the main components of the native peoples of the New World. It had already been shown that the Jomon inhabitants of prehistoric Japan were not only the obvious ancestors of the living Ainu but also had to have been a major source for one of the principal components of the preColumbian inhabitants of the New World. This study does not support affinities between the Early Brazilians and Australians and Melanesians. Neves et al. (2003 Neves et al. ( , 2007 and , on the other hand, have failed to include a prehistoric Northeast Asian population in their data and denied that Lagoa Santa shares similar craniofacial characteristics found in archaic North American populations. However, our analysis is based on only five Lagoa Santa individuals. Further research with more early specimens from Brazilian Paleoamerican is necessary. Also, both our analysis and that of Neves et al. (2003 Neves et al. ( , 2007 and do not include the samples of the Late Pleistocene/Early Holocene Australians. A comparison between the Early South Americans and the Early Australians, such as the Coobool Crossing of the Wakool River and Kohuna, is necessary for future analysis.
Furthermore, studies of the peopling of the New World can provide many interesting questions and models for human population history. Since some migration involves crossing from an extremely cold, harsh environment to a tropical environment, while others involve moving to a cold environment again, further studies should be focused on human dispersal and related biological adaptations (Hall et al., 2004) . For example, if the ancient Australians migrated from tropical South Asia to Arctic cold Northeast Asia and across Beringia, the question is whether or not selections for cold adaptations occurred during human migrations. Moreover, it is important to see whether selection of heat adaptation occurred again when ancient peoples moved into the tropical areas of South America. How long does it take to change morphology by adaptations to different climatic regimes? Did genetic drift take place instead of selection? Or did genetic drift and selection interact? There are many challenging questions in the study of the peopling of the New World. This study only deals with craniometric views on the peopling of South America. Furthermore, not only craniofacial analysis, but also odontometric analysis and postcranial studies that relate to adaptation and dispersal should be done in order to test population affinities of the Early Paleoamericans in Brazil.
